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Executive Surnmary

ENHANCEMENT OF FISH PASSAGE IN CLEAR CREEK

Department of Civil and Environmental Engineering
University of California Davis

Project Description

Clear Creek, once a major chinook salmon and steelhead producing tributary of the
Sacramento River, is now blocked by the CVP’s Whiskeytown Dam, leaving about 16 miles
of stream bed as restorable habitat. Due to blockage of their natural migratory pathways,
spawning potentials for shrine-run chinook salmon and steelhead are now restricted to a
comparatively short 8-mile reach of the creek in the canyon just below the dam where flows
can be partially regulated and where water temperatures may, under certain hydrological,
meteorological and operating conditions, be suitable for spawning and incubation. In shoO,
fish passage to spawning habitat in the upper reaches of Clear Creek is now severely restricted
and the relationships between flows released from Whiskeytuwn Dam and water temperatures
occurring in the channei downstream are uncerlain. The primary biological objective of the
proposed project is lhe restoration of unrestricted access by migrating salmon and steelhead to
favorable spawning habitat in the reaches of Clear Creek below the dam.

Approach

Because flow in the creek is so variable, subject to regulation at the dam as well as
by natural hydrologic conditions, there is an implicit dependence of water temperature on
flow, i.e., on the hydrodynamics of the creek. "In the interest of enhancing salmon
propagation success in Clear Creek the relationship between these two environmental
characteristics - flow and temperature - needs to be explicitly defined. Such definition will
assist project operators and fisheries managers in determining for various hydrological and
meteorological conditions the rates and timing of releases from Whiskeytown Dam needed to
meet water temperature objectives within spawning reaches and downstream for fish
migration, while at the same time conserving a limited water resource. A technical objective
of this project is to quantify the relationship between water temperature and hydrodynamic
conditions in Clear Creek from Whiskeytuwn Dam to the Sacramento River, over a range of
environmental conditions suitable for spring run chinook salmon and steelhead propagation.
Specific objectives include: assembly and evaluation of relevant data; development and
implementation of field monitoring surveys; adaptation and calibration of ~
mathematical models to simulate flows and temperatures; demonstration of the models’
capabilities to predict Clear Crock’s responses to changes in flow and water temperatures; and
documentation of the data base, models and other attributes of the physical system that are
relevant to enhancement of salmon passage and propagation in Clear Creek.

Scope of Work and Schedule

It is proposed to meet the above stated objectives by adapting a set of existing
hydrodynamic and water quality models to Clear Creek, thereby providing the means to
quantify the relationship(s) between flows and temperatures. These models, known as RMA2
(hydrodynamics) and RMAll (water quality, including temperature) were previously
developed, calibrated, verified and applied to the Sacramento and Feather rivers in a recently
completed modeling project (Dea.~, et. al., 1996) and have been preliminarily adapted to Clear
Creek in an investigation of the three-dimensional hydrodynamics of Whiskeytown Reservoir
(UCD/USBR, 1996. The models utilize the finite element method to solve the equations of
momentum and continuity (RMA2) and advection-dispersion (RMAI I) for both steady and
unsteady flow conditions. Output consists of temporal and spatial descriptions of velocities,
flows, water levels and water temperatures over a grid representing the geomorphic
characteristics of the stream channel

i
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Specific tasks include: (1) assembly and evaluation of data; (2) design and
implementation of field surveys and controlled experiments to complete the data base; (3)
adaptation of models to the specific geometry of Clear Creek; (4) calibration and vecifieation
of the models against field observations; (5) application of the models to predict fiow-
temperature relationships; and (6) project documentation, including the data base, models and
other project accomplishments. It is expected that these tasks can be completed within one
year from the start of the protect.

Expected Benefits

The principal benefit of this project will be improved passage to an enhanced,
secure habitat in the upper reaches of Clear Creek for spring run chinook salmon and
st~lhead. This benefit is expected to be realized by providing a unique capability to fisheries
managers and project operators to determine locations along the creek below the dam where
temperature objectives for different species can be attained and to estimate project releases
required at these locations to assure most favorable habitat conditions,

Project Justification

Historically Clear Creek has been an important contributor to salmon production in
the Sacramento River system, but its capability was limited by the construction of
Whiskeytown Dam, which has confined rearing to reaches just below the dam where flows
and temperatures conducive to successful spawning of spring-run chinook salmon and
steethead are largely governed by project operation. This project will provide state-of-the-art
tools to improve the reliability of temperature prediction as affected by flow regulation,
thereby enhancing prospects for rearing success. Achievement of project goals will be aided
by utilizing ~ calibrated mathematical models from the Sacramento River Temperature
Modeling Project.

Budget Costs

It is estimated that the cost of the proposed project will not exceed $58,641.
Matching contributions of $19,423 are available to the project. A detailed breakdown of costs
is attached to the proposal.

Applicant Qualifications

This project is supported by many years of experience of the principal investigator,
Dr. G. T, Orlob, in development and application of mathematical models for investigation of
the hydrodynamic and water quality behavior of surface water systems. These have included
modeling studies of many of the integral components of the CentraJ Valley system, e.g,, the
Sacramento and Feather Rivers, Shasta, Trinity, Keswick, and Whiskeytown reservoirs, and
the Sacramento-San Joaquth Delia. The models proposed for this project are original
contributions of the principal investigatur, his colleague Dr. Inn King, and theh" students at
UC Davis. Graduate student participants in this project are experienced in modeling and field
survey techniques.

Program Coordination

The proposed project will be coordinated with ongoing UC Davis projects
sponsored by USEPA, USBR, USFWS, California Departments of Fish and Game and Water
Resources, and the State Water Resources Control Board. Local support and coordination has
been arranged with the DFG and the Western Shasta Resource Conservation District in
Redding.
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ENHANCEMENT OF FISH PASSAGE IN CLEAR CREEK

Principal Investigators: Gerald T. OrIob, Professor Emeritus
Department of Civil and Environmental Engineering
University of California
Davis, CA 95616
Tel: (530)752-1424.
Fax: (530) 752-7872
e-mail: gtodob @ucdavis.edu

Ian P. King, Professor Emeritus
Department of Civil and Environmental Engineering
University of California
Davis, CA 95616
Tel: (530) 752-8386
Fax: (530) 752-7872
e-mail: ipking @ucdavis.edu

Organization Type: University of California (Public Institution)

Tax Status: Tax Exempl

Tax Identification 94-6036494-W

Collaborators: California Department of Fish and Game
U. S. Bureau of Reclamation
Western Shasta Resource Conservation District
(field and data assistance)
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ENHANCEMENT OF FISH PASSAGE IN CLEAR CREEK

Department of Civil and Environmental Engineering
University of California Davis

I. Project Description and Approach

a. Geographic Setting

Clear Creek, once a major chinook salmon and steelhead producing tributary of the
Sacramento River, is now blocked by the CVP’s Whiskeytown Dam, leaving about 16 relies of
stream bed as restorable habitat. (see Figure 1 attached for geographic location) Due to blockage
of their natural migratory pathways, spawning potentials for anrin~-run chinook salmun and
stee~ead are now restricted to a comparatively short 8-mile reach of the creek in the canyon just
below the dam where flows can be regulated and where water temperatures may, under certain
hydrological, meteorological and operating conditions, be suitable for spawning and incubation.
In short, fish passage in the upper reaches of Clear Creek is severely restricted and the
relationships between flows released from Whiskey~wn Dam and water temperatures occurring
in the channel downstream are uncertain.

b. Ecolo~iral/Biological~Technica] Justification

Critical concerns for salmon and steelhead in this environment are maintenance of
flows and temperatures favorable to adult upstream migration, spawning, incubation of eggs, and
out-migration of juvaniles. In Clear Creek. as in many streams in Northern California. elevated
waier ~m_eeratures serve as the nrincipal non-structural barriers to fish passage to ~referred
ut~stream snawnin~ habitat. This ~roDosal st~ecificallv addresses Taraet 2 of the Central Valley
Stream flows Imolementation Objective. Vol. II: ERPP which calls for increased releases from
Whiskevtown Dam.. The relationships between flows and water temperatures in Clear Creek and
their effecU on fish passage and reproduction under the conditions of increased releases are the
principal subjects of this proposal.

c. Technical Approach

Releases from Whiskeytown Dam to Clear Creek are governed primarily by operation of
the Shasta-Trinity Division of the CVP which transfers water from Trinity Lake through
Whiskeytown Reservoir to augment water supplied to the Central Valley. During drier than
normal years when water demands are high a major portion of the water released from the
reservoir passes to Kaswick Reservoir through the Spring Creek Power Plant. Normally, at these
times only flows needed for sustenance of salmon are released to Clear Creek. The magnitudes
and temperatures of these flows are prime concerns of both project operators and fisheries
biologists since the relationship between flows and temperatures in the Clear Creek environment
is as yet unclear. Thermal stratification in Whiskeytown Reservoir is a major factor govemin.g
the temperatures of releases to both Clear and Spring Creeks, the only outlets of the reservmr.
Downstream in the Clear Creek channel, changes in water temperatures are determined by the
rate and temperature of the released flow, heat exchanges through the air-water interface and
accretions or depletions of ground and surface waters during the course of transit downstream.
Because flow in the creek is so variable, subject to regulation at the dam as well as by natural
hydrologic conditions, there is an implicit dependence of water temperature on flow, i.e., on the
hydrodynamics of the creek. In the interest of enhancing salmon propagation success in Clear
Creek the relationship between these two environmental characteristics - flow and temperature -
needs to be explicitly defined. Such definition will assist project operators and fisheries managers
in determining for various hydrological and meteorological conditions the rates and timing.of
releases from Whiskeytown Dam needed to meet water temperature objectives within spawmng
reaches and downstream for fish migration, while at the same time conserving a limited water

1
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d. Project Objectives

The principal objectives of this project are to quantify the relationships between water
temperatures and hydrodynamic conditions in Clear Creek from Whiskeytown Dam to the
Sacramento River, over a range of environmental conditions suitable for propagation of spring
run chinook salmon and stealhead in the upper 8 miles of the creek and to assess the potential
benefits derived for these species by improving fish passage to and from upstream spawning
grounds. It is proposed that these objectives be achieved by conducting field surveys of the creek,
performing controlled release experiments, and utilizing ~ mathematical models previously
developed, calibrated, and applied in a study of temperature management for the Sacramento
River (Deas, et. al, 1996).

Specific objectives of the proposed project are as follows:

1. to assemble and evaluate existing hydrologic, geomorphic, atmospheric, water
temperature, and reservoir operation data relevant to hydrodynamic and temperature behavior of
Clear Creek and to determine data deficiencies,

2. to design and implement field programs and surveys to supplement existing data on
geomorphohigy of the creek, water temperatures, flows, and meteorological conditions,

3. to conduct studies of the effects on water temperature of controlled releases from
Whiskeytown Dam over a range of realistic operating conditions of the Shasta-Trimty Division of
the CVP, ( tell ERPP Executive Summary p. 45 )

4. to adapt, calibrate, and verify existing mathematical models to simulate hydrodynamics
and temperatures in Clear Creek for both observed and possible future hydrologic and
meteorological conditions,

5. to utilize results of modeling to develop the relationships between flows and water
temperatures in Clear Creek as functions of project operation and meteorological conditions
corresponding to the critical periods of spring-ran salmon and steelhead spawning, incubation and
out-migration, and

6. to document the basic morphological, hydrological, meteorological and other attributes
of Clear Creek related to maintenance and/or enhancement of salmon and steelhead populations,
thus providing an operational guide for both project and fisheries managers.

1I, Proposed Scope of Work

To meet the objectives listed above the following tasks must be completed.

Task 1: Data Acouisition and Evaluation

~rt~ose: To provide data and information necessary to develop an enhanced
understanding of the flow and water temperature characteristics of Clear Creek. Specific attention
will be given to data needs to develop flow-temperature relationships for Clear Creek.

Essential data include channel elevations, cross-sections, and gradients, water
temperatures, flows, and meteorological conditions. Some channel cress-section data acquired
from the Department of Water Resources (DWR) in Redding have been useful in preliminary
structuring of the models, but these data are not current nor sufficient in coverage of the creek
channel, especially in the upper 5 miles or so of the creek where channel walls are steep and
irregular. Moreover, recent flood events have modified the channel’s configuration in its lower
reaches, requiring resurvey. Photograraetric stereo pairs obtained by the Department of Fish and
Game (DFG) and maintained in the files of the Western Shasta Resource Conselvation District
(WSRCD) will be used in assessing the influence of riparian vegetation shading on water
temperatures in the upper reaches of the creek.

Water temperature data for Clear Creek are sparse, limited to a few short records obtained
from continuous sensors in the middle reaches of the creek. An example is shown in attached
Figure 2. Unfortunately, these data are not accompanied by reliable flow data. There is a need to

2
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develop simultaneous observations of temperature and flow over the range of interest, say for
flows from 50 to 250 cfs. It is proposed that a set of controlled flow exoeriments be carried out
during the summer months when simultaneous observations can be made of water temperatures,
flows, and meteorological parameters, e.g., air temperatures, relative humidity, wind velocity,
cloud cover, etc., under conditions of controlled steady releases from the dam. Arrangements
have been made with the DFG and USBR project managers to conduct these experiments, most
likely in the next two summer seasons.

Meteorological observations required by the models for calculation of heat exchange
through the air-water interface are available at a met station recently installed and operating at
Whiskeytuwn Reservoir in support of a related hydrodynamic modeling project for Whiskeytown
Reservoir (UCD,’USBR, 1996). Controlled flow experiments are currently being designed in
collaboration with the DFG, USBR and USFWS.

~ Data bases that characterize the morphology, hydrology, meteorology,
hydrodynamics and temperature conditions of Clear Creek below Whiskeytown Dam.

Task 2: Desitm and Implementation of Field Moniterin~ Pro~am

Pumose: To obtain complete descriptions of physical, hydrological, hydrodynamic,
meteorological and water temperature conditions in the Clear Creek system.

In addition to the t;otltrolle0 fl0w experiments noted in Task 1 above, it is proposed to
conduct field monitoring of water temperatures over extended periods of variable operation by
deploying continuous recording sensors, e.g., Onset Instruments thermistors or equivalent, at 6 to
8 stations along the creek. These stations will be operated for periods of up to five months
spanning periods critical for salmon and steelbead passage and spawning. Data collected will be
supplemented by observations made during the controlled flow experiments. A goal of this effort
will be development of time seres of temperatures, such as that shown in Figure 2, sufficient to
characterize both temporal and spatial variations in water temperatures in Clear (Treek and to
allow representation of these in mathematical models of hydredynarmcs and water quality.

Time series of Clear Creek flows that coincide with temperature monitoring will be
available from OSBR’s CDEC (California Data Exchange Center) web site for Whiskeytown Dam
and from the USGS gaging stadon at Igo. To extend flow data spatially it is proposed that field
surveys at other locations along the creek be conducted on at least two occasions during the
controlled flow experiments. Field surveys will provide both instantaneous flows, water depths
and cross-sections in sufficient detail to describe flow variations along the 16-mile reach of the
creek. Equipment for field investigations, e.g., a Marsh-McBimey flow meter, a Hydrolab and
thermistors , are available at no cost to the project. Additional data on stream channel
morphology, local topography, and riparian vegetation shading along the channel will be
developed from photogrametrie information available from the WSRCD and from field
observations using global positioning satellite (GPS) instrumentation, also available without cost
to this project.

Meteorological data required for modeling includes dry and wet bulb air temperatures,
relative humidity, wind velocity and cloud cover. These will be derived from continuous
observations at the Whiskeytown Met Station and at the Redding Airport Station. The USBR
Whiskeytuwn modeling project has supported the development of the met station and data will be
available for use in the proposed project.

~ Data sets from controlled experiments of flow-temperature relationships for
Clear Creek.

3
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Task 3: Model Adaptation

l~II]9..~: To adapt existing hydrodynamic and temperature models to Clear Creek for
simulation of flow-temperature relationships in Clear C~ek.

A preliminary finite element grid has already been developed in connection with the
Whiskeytowa modeling project, but it needs refianmcnt in geometric representation of the Clear
Creek channel, especially in the upper reaches. Field measurement of flows (Task 2) will provide
some new information on cross sections, although the initial grid, based on prior surveys by
DWR, provides a good starting point. Once the grid is mfiand to assure stability in hydrodynamic
computation, the models can be calibrated and verified against field observations. It is proposed
to utilize two ~ finite element models, known as RMA2 (hydrodynamics) and RMA11
(water quality) to simulate the flow-temperature regime of Clear Creek. RMA2 is a mathematical
model that solves the hydrodynamic equations of momentum and continuity over the grid space
using the finite element method. It provides either steady slare or dynamic descriptions of
velocities, flows, and water levels for a discmfized system of elements representing the physical
system. A preliminary simulation showing variations in velocity and water depth along Clear
Creek under conditions of a steady flow is illustrated in Figure 3 attached.

information derived from RMA2 will be provided as input to RMAII, a companion water
quality model that will simulate the dynamics of temperature change throughout Clear Creek
from the dam to its confluence with the Sacramento River. Results from RMA11 will be in the
form of time series of water temperatures that may be compared against those actually observed
at seleotod sites along the creek. The models are currently operational, having been developed
and tested in previous projects., including the main stems of the Sacramento and Feather rivers
and the Klamath River below Iron Gate Dam. As noted above, they have also been adapted to
Clear Creek in a preliminary study related to the Whiskeytown hydrodynamic modeling project,
hut they have not yet been calibrated for lack of reliable field data, such as is proposed to be
acquired in this project. (NQt¢; Dev¢10pm~u! ~osts for the models have been covered in previous
nroiects: no such costs are provided for in this nronosal./

~od~ts: Operational hydrodynamic and temperature models adapted to Clear Creek

Task 4: Calibration of Clear Creek Models

~: To calibrate and verify models against field observations of flows and
temperatures

It is proposed to develop data sets sufficient in temporal and spatial coverage for
calibration of the models over the ranges of flows and temperatures critical for fish passage and
propagation. In the calibration process adjustments in channel roughness (Manning n) will be
used to confirm the models’ abilities to simulate observed flows and to emulate the transit time of
temperature pulses along the creek. Water temperature simulations will be adjusted as
necessary using the heat budget parameters incorporated in RMAll. Experience in modeling
the Sacramento River System has shown that the two models can be used in tandem to improve
calibration, since the phase of the simulated diurnal pattern of temperature (Figure 2) is dependent
upon the flow velocity derived from the hydrodynamic model. Channel roughness adjustments
within a range typical of steep channels such as Clear Creek may be used to assure agreement
between predicted and observed diurnal temperature patterns.

P d,~.~d~ Calibrated hydrodynamic and temperature models available for application to
Clear Creek.
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Task 5: Anulication of Flow-Temoeramre Relationships

Pumose: To demonstrate application of Clear Creek models to predict flows and water
temperatures as functions of hydrological, hydrodynamic, meteorological and operational
conditions.

Once calibrated and tested, the models will be applied to demonstrate their use in
prediction of water temperature responses to changes in flows and temperatures of releases from
Whiskeytown Dam, or at other selected locations along the creek, given specified hydrological
and meteorological boundary conditions. The sensitivity of the model to variations in parameters,
coefficients, and boundary conditions will be developed in an organized program of simulations.

Product." A guide to management of fish passage in Clear Creek that will enable project
operators and fisheries biologists to determine optimal schedules of releases that will assure
unimpaired fish passage and spawning habitat for sprlng-mn chinook salmon and steelhead.

Task 6: Pro_iect Documentation

El!l~9.~: Documentation flow-temperature relationships for the Clear Creek environment,
and other project accomplishments

Pr~uet: A detailed report covering all aspects of the project, including basic data,
models, flow-temperature relationships, a project management guide, and demonstrations of
application of project results and products.

IlL Expected Benefits

The nrlnci~al exvacted benefit of this pro_iect will be improved fish nassa~e to and from
the unoer reaches of Clear Creek and an enhanced understanding of the neeassarv conditions for
the Ions term prona~afion of snfin~-mn chinook salmon and steelhead. This goal is expected to
be achieved by providing a unique capability to fisheries managers and project operators in the
form of calibrated mathematical models that quantify the interrelationships between flows and
water temperatures in Clear Creek. Collateral benefits of the project may be in several forms, as
follows:

1. a detailed characterization of the physical environment of Clear Creek, including
stream morphology, riparian habitat and operational facilities,

2. a data base of physical, hydrologic, hydrodynamic, meteorological and water
temperature characteristics of the Clear Creek environment,

3. a characterization of the Clear Creek environment in quantitative terms of flows and
water temperatures for any given set of hydrologic, meteorological or project operation boundary
conditions,

4. a means for determining the best operating schedule for releases from Whiskeytown
Reservoir that will assure maintenance of a healthy haV~tat for chinook salmon and steelhead
propagation llxougbout Clear Creek,

5. a means to quantify the effects of physical or operational changes in the Clear Creek-
Whiskeytown system on the flow and temperature regimes of Clear Creek, and

6. an operational guide to aid fisheries managers and project operators in enhancing
habitat for long term propagation of spring-run salmon and steelhead in Clear Creek.

5
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IV. Products

The principal products of this project will be improved fish passage and enhanced
propagation potential for spring-run chinook salmon and steelbead in Clear Creek. This goal will
be reached by utilizing 12ow-tempera~ure relationships for Clear Creek derived by applying
hydrodynamic and temperature models. These tools will utilize a supporting data base of
physical, hydrological, and meteorological information that characterizes the Clear Creek
environment for the benefit of spring-run chinook salmon and steelhead. The calibrated Clear
Creek models will be made available with user manuals to project operators and collaborators. A
detailed final repor~ will be provided documentation of all project accomplishments.

V. Collaborating Agencies, Local Interests, and Third Party Impacts

The California Department of Fish and Game will make available monitoring data on
stream temperatures. The Califoruia Department of Water Resources has provided its most recent
surveys of cross sections of Clear Creek. Meteorological data will be supplied the U. S, Bureau
of Reelamafion from the Whiskeytown Reservoir Station, Photograreetric pairs of the upper
reaches of the creek are available through the courtesy of the Western Shasta Resource
Conservation District.

No adverse third party impacts are anticipated in this project.

VI. Matching Contributions

The Principal Investigators for the project will receive no compensation for technical
direction of the project, which at a work level of 5 percent is equivalent to a salary cost of
$14,423. Additionally, survey equipment with an equivalant value of $5,000 is available at no
cost to the project.

VII. Budget Costs

Total estimated costs for the project ate $58,641. Matct~ng contributions total $19,423.
A detailed budget is attached.

VIII Schedule Milmtones

The project is expected to be completed in one year. Anticipated start/completion dates
by tasks and months from the beginning of work are as follows:

Task Start Complete

1. Data Acquisition 0 2
2. Design Field Surveys 0 1
3. Model Adaptation 2 4
4. Calibration 4 8
5. Application 8 10
6. Documentation 10 12

IX. References Ci~ed

Dens, M., et, al, Sacramento River Temperature Modeling Project, Final Report to
State Water Resources Control Board, December 1996

UCD/USBR, Temperature Regulation Thruugh Whiskeytewn Reservoir, Investigation in
progress, 9/1/96 - 8!31/98
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Budget Cosls
Requested       Matching

6. Staff technical assistant $1,704

0,092x(Al÷A2) (seenote 1) $1,215
0.044 x (A3+A4) $1,074

C. Travel $1,000

Project Total $58,641 $19,423

I, Salaries and fringe benefits for principal investigator and co-principal investigator have been calculatod
~ 5% equivalent time, based on academic salary TI~e PI and Co-P[ are providing time to the proposed
project as matching in-kind services.

2. The equipment currently available in-house timt will be used for the proposed project includes: Stowaway
temperalure loggers. HydroLab H20 Multiprobe, Maxsh McBirney ve[oclty meter, aod surveying equipment.
The matching contribution for equipment costs is estimated based upon usage anticipated for the
proposed project and an estimate of an annual depreciation of capitol eoxt~. Use of the
equipment is effectively being provided at no cost to the proj~t.

Requested
F~flmated Cost Breakdown by T~k funds

1. Data Acquisition and IEvaluat2on $5,000
2. Field Monitoring 12,000
3. Model Adaptation 13,500
4. Calibration and Verification 13,000
5. Model Applicatien 11,500
6, Documenlation 3,641

Project Total $58,641
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Figure 1 Location Map, Clear Creek

Clear Creek Temperatures from April - May 1997

Figure 2 Water Temperatures at Five Locations Along Clear Creek
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Inflow Q = 1.416 cms

Figure 3 Simulated Veloeities and Depths Along Clear Cree~ Preliminary Study
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ENHANCEMENT OF FISH PASSAGE IN CLEAR CREEK

Applicant Qualifications

This project is an outgrowth of a series of research and development projects
conceived and directed by the principal investigator, both in consulting engineering
practice and at the University of California Davis. This activity has resulted in the
development of original mathemalieal models for the simulation of hydrodynamics and
water quality in surface water systems, rivers, lakes, reservoirs, estuaries, and coastal
waters. Among these m’e models that have been applied to many of the surface water
bodies of concern in the CAL-FED Program, including the Sacramento and Feather
rivers; Shasta, Trinity, and Keswiek Reservoirs, Clear Lake, the Sacramento-San Joaquin
Delta, and San Francisco Bay. Most recently three of these models: RMA2, RMAll
(proposed ro be used in this project) and WQRRS, were adapted and applied to the
Sacramento and Feather river systems from their upstream impoundments to the Delta for
simulation of hydrodynamics and temperatures (Dens, et.al. 1996). In related
investigations these models are being extended and applied to the Delta under support
from the National Seienen Foundation and the Environmental Protection Agency and to
Whiskeytown Reservoir in a project funded by the U.S. Bureau of Reclamation. The
major part of this work has been carried out by graduate student researchers in the Water
Resources and Environmental Engineering Modeling Group of the Department of Civil
and Environmental Engineering at UC Davis.

The proposed project ,,viii be directed by Dr. G. T. Orlob, Professor Emeritus
of Civil and Environmental Engineering, as Principal Investigator. Dr. Inn King,
developer of the RMA models will serve as Co-PI advisor to the project. Both Drs. Orlob
and King will serve without cost to the project. Ms. Joanna Fellos, Graduate Research
Assistant, will serve a Project Engineer-Manager. Ms. Xiaochun Wang, doctoral
candidate at tiC Davis, will serve as consultant on model application.. An undergraduate
student assistant will provide support in data collection and analysis. Brief biosketches of
the PIs, Ms. Fellos and Ms. Wang are provided below.

Gerald T. Orlob. Princinal Investigator

Dr. Orlob is presently Professor Emeritus of Civil and Environmental Engineering
at the University of California at Davis. He holds degrees in civil, envi~nmental
and hydraulic engineering and is a registered professional engineer in California.
Throughout a career in professional practice, engineering education, and research
he has specialized in the development and application of systems analysis
techniques, especially mathematical models of surface water systems, for water
quality management. He has published widely in the technical literature. His
conta’ibutions in his field of specialization have been recognized by awards from
professional and scientific organizations and election to the National Academy of
Engineering and to Honorary Membership in the American Society of Civil
Engineering. As an emeritus professor he continues active participation in
research related to water quality issues, recently focused on temperature control in
northern California river systems, e.g., Sacramento, Trinity, Feather, Shasta, and
Klamath rivers, and the Sacramento-San Joaquin Delta.

!an P. King. Co-Principal Investigator

Dr. King is Profesor Emeritus of Civil and Environmental Engineering at the the
University of California at Davis. He hold degrees in civil engineering and
engineering mechanics. Dr. I~ng is the original developer of the l’mite element
models proposed for this project. He is internationally recognized for his original
contributions to mathematical modeling and simulation of surface water systems.
He has served as Co-PI on severM projects of the UCD Modeling Group and will
continue to ’advise the proposed project in model applications to Clear Creek.
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Applicant QualLClcations, cont.

Ms. Fellos is a graduate student in the masters program of water resources and
environmental engineering at the University of California at Davis. She has
completed one half of her course work for the masters degree and intends to use
Clear Creek a subject of her masters thesis. During the past year she was engaged
in a research project dealing with the effects of riparian vegetation on water
temperatures in the Sacramento River. She has experience in moditodng stream
flows, water temperatures, and meteorological phenomena related to heat
exchange processes in riverine systems and in analysis and interpretation of
hydrologic and meteorologic information. She is currently applying mathematical
models in preliminary investigation of flow-temperature relationships in surface
water systems.

Xiaochun Wan~

Ms. Wang is a graduate student in the doctoral programs of water resoumes and
environmental engineering at the University of California at Davis. She
completed all course work for a Ph.D. degree and advanced to candidacy in the
fail of 1997. She is experienced in the application of finite element models for
simulation of hydrodynamics, sediment transport and temperatures in both
riverine and estuarine systems. Ms. Wang has served as project engineer on
projects concerned with climate change effects on water quality in Shasta Lake,
temperature simulation of Trinity Reservoir, restoration of marshlands in San
Pablo Bay, and application of a two-dimensional hydrodynamic model for
investigation of sediment transport in the Delta. She is currently investigating the
three-dimensional hydrodynamics of Whiskeytown Reservoir. In a preliminary
study related to the Whiskeytown project she adapted RMA2 and RMAll to
Clear Creek to establish the feasibility of employing the models to determine
flow-temperature relationships, as would be developed in the proposed project.
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Attachment E
U.S. O~partment of dle Interior

Ce~ficar.ions Regarding Debarment, Suspen,don and
Other Responsib;|;W Matters, Drug-Freo Workplace

Requirements and Lobbying
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Check__if there are workplaces on lile that ale not identified hem.
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TH~ REGENTS OF THE UNIVERSITY                                                 ;;
OF CNJFORNIA

SIG*’-N~ TURE OF AETHORIZE~ CERTIFYING OFRC

Con,.Pacts ~md C,r~ts A~al),st
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Figure 1

Standard Form 424

APPLICATION FOR oMs ~,ppro~l ~ O3~.~] 0~3
FEDERAL ASSISTANCE ~.o,T~ ~u~.r~ ~,~ ,~,~,,~

~-- ~ CreekEnh~ncement of Fish Passage ~n Clear
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Figure 2

Standard Form 424A

BUDGI~T INFORMATION - Nor=-Col~slructlon Prog~ms



Figure 2

Standard Form 424A (cont’d.)



Figure 3

Standard Form 424B

ASSURANCES -- NON-CONSTRUCTION PROGRAMS
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Fisure 3

Standard Form 424B (comt’d.)


